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What is OpenSCAD and why should | care?

* OpenSCAD is an open-source Computer-Aided-Drafting application

* Unique because rather than focusing on a full-featured GUI for building
models, it uses a C-language programming interface for the user input

* Helpful for creation of complex objects from mathematical formulae

* Input file is text, so can be created from converting other files (such as
Tom'’s idea of the survey/floor output of a beam simulation program)

* Very fast and lightweight; doesn’t even need to be installed.
* Can output to standard file formats (.STL step files) or to 3D printers!

* Great for building models that can be passed on to Engineers or
Drafters, or for prototyping custom parts to be 3D printed or
manufactured.
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Getting started

Windows

System requirements: Windows XP or newer on x86 32/64 bit

'

-

OpenSCAD-2019.05

¥86 (32-bit) - exe installer - 19 ME
sha256 - sha512

.

'

-

Open5CAD-2019.05
x36 (32-bit) - zip package - 19 MB
sha256 - sha512

.

-

.

OpenSCAD-2019.05

¥86 (64-bit) - exe installer - 19 ME
sha256 - sha512

-

e

OpenSCAD-2019.05

x86 (84-bit) - zip package - 19 MB
sha256 - sha512

"

* https://www.openscad.org/downloads.html

* Widely-available installer packages for most operating systems, and can
be built from source.

* Pre-compiled “portable” binaries for Windows available in “zip package”

link. No need for Administrative priveliges.

Adam Watts | Introduction to OpenSCAD
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https://www.openscad.org/downloads.html

Getting started (Windows)

| = | openscad-2019.05 — O =
Home Share View 0
« 3> v 4 » ThisPC * Documents » OpenSCAD @ openscad-2019.05 w Search openscad-2019.05 ye
Documents ~ Mame Date modified Type Size
ipynb_checkpoints color-schemes File folder
Controls medernization examples File folder
GitHuk fonts File folder
IPython notebocks libraries File folder
MO1 berm drawings locale File folder
Magnet models [#] openscad.com M5-005 Applicati... 19KE
s openscad.exe Application 37,206 KB
MTest targets
Mubdl

Mull hern field mapping
OpenSCAD

Optics simulations
Outlook Files

PIP2 B3

Python Scripts
References

Robotics

7 items &=

* Download and extract the zip file.

* Start the program by running the executable “openscad.exe”
* Input files are “.scad”, but can be read by text editor.

* Lots of example .scad files under “examples” directory
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New project

& Untitled.scad - OpenSCAD — m] b4
File Edit Design View Help
Editor x
a = 3= | 2 ol
Bl on=sE QLD
| =
|
[:] =
T oz,
T — o5
|
F4 E
4 5
x
& 7
£ 5 —
PR OaeaqaD@eadeed g8 - &hD
Console x
OpenSCAD 2019.05
https: /fwww, openscad.org/
Copyright {C) 2009-2012 The OpenSCAD Develapers
This program is fee saftware; you can redistribute it andjor madify it under the terms of the GNU General Public License as published by the Free Software Foundation; sither version 2 of the License, or (at your option) any later version.
Viewport: translate = [0.00 0,00 0.00], rotate = [ 55.00 0.00 25.00 ], distance = 140,00 (1487%734) OpenSCAD 2019.05

* Anew blank project window looks like the above screenshot.
* CTRL+S saves and automatically preview-renders the model in the right panel
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Cheat sheet

Syntax
var = value;
var = cond 2 value_if_true : value_if_false;

nodule name(..) { .. }
name();

function name(.) = .
name();

include <_.scad»

use <._.scads

Constants

undef undefined value
PI nathematical constant m (~3.14159)

Special variables

sfa  minimum angle

minimum size

number of fragments

animation step

viewport rotation angles in degrees
viewport translation

viewport camera distance

Schildren number of module children
spreview true in F5 preview, false for F6

Modifier Characters

disable

show only

highlight / debug
transparent / background

=2 13 1= |*

2D

circle(radius | d=diameter)
square(size,center)

square( [width,height],center)
polygon([points])
polygon([points],[paths])

text(t, size, font,
halign, valign, spacing,
direction, language, script)

import("...ex
projection(cut)

3D

sphere(radius | d=diameter)
cube(size, center)
cube([width,depth,height], center)
cylinder(h,r|d,center)
cylinder(h,ri|d1,r2|d2,center)
polyhedron(points, faces, convexity)
import("...
linear extrude(height,center,convexity,twist,slices)

rotate extrude(angle,convexity)

surface(file =

]

,center ,convexity)

Transformations
translate([x,y,z])
rotate([x,y,z])

rotate(a, [x,y,zI)
scale([x,y,z])
resize([x,y,z],auto)

mirror([x,y,z])
multmatrix(m)

color("colorname”,alpha)
color("#

color([r,qg,b,al)
offset(r|delta,chamfer)
hull()

minkowski()

http://www.openscad.org/cheatsheet/

Boolean operations
union()

difference()
intersection()

List Comprehensions

Generate [ for (i1 = range|list) i ]

Generate [ for (init;condition;next) i1 ]

Flatten [ each 1 ]

Conditions [ for (i = .) if (condition(i)) 1 ]
Conditions [ for (i = .) if (condition(i)) x else y ]
Assignments [ for (1 = .) let (assignments) a ]

Flow Control

for (i = [start:zend]) { - }

for (1 = [start:step:end]) { - }
for (1= [yern]) [ -

for (1=, 3=_,

intersection for(i
intersection for(i

intersection for(i =
0 O o Iy
let (L) {1}

Type test functions
is undef

is bool

is num

is string

is list

Other

echo(..)

render (convexity)
children([idx])
assert(condition, message)

assign—{(={—=7

Functions
concat
lookup

version num

parent module(idx)

Mathematical

Adam Watts | Introduction to OpenSCAD
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2D object

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor *®

@MW E Y Lad

// This is a comment

/%
This is a block comment.
It can be a long as you like.
*/

// Basic shapes

circle (10) :I

Wom =l ool W ke

ra

ke

SPRQRAOD OO Do o @@ Lin

Console

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 1

Geometry cache size in bytes: 550

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 1 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 63.40 0.00 29.90 ], distance = 140.00 (634x510)

OpenSCAD 2019.05

Elements are created like calling functions in C: don’t forget the semicolon!

2D shapes have fixed nonzero height, which | don’t find useful. Instead of circle (shown above),

I’d use a cylinder so | can specify the height as well.

Adam Watts | Introduction to OpenSCAD
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3D Object

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor

6w W oo oS ) oo

// This is a comment

J*
This is a block comment.
It can be a long as you like.

*/

s I BT R PV VI

1]

sphere (10) ;

Console

P HRARID O PO FH &

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 2

Geometry cache size in bytes; 62532

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 1 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 63.40 0.00 29.90 ], distance = 140.00 (634x510)

OpenSCAD 2019.05

Sphere example shown above looks a bit chunky. Can increase polygon count to smooth out if

necessary.

8
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Increasing number of polygons

o Untitled.scad - OpenSCAD

File Edit Design View Help

Editor *®
0 =2 3= 4 |
[ e W e = SRy iy
1 // This is a comment
2
IR/
4 | This is a block comment.
5 It can be a long as you like.
6 | */
$fn = [100;

wom

sphere (10) ;

P HRARID O PO FH &

Console

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 3

Geometry cache size in bytes: 773184

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 1 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 63.40 0.00 29.90 ], distance = 140.00 (634x510)

OpenSCAD 2019.05

Set system variable “$fn” to use larger number of “fragments”, smoothing out models.

Adam Watts | Introduction to OpenSCAD

2% Fermilab



Union of intersecting objects

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor

@MW E Y Lad

// This is a comment

It can be a long as you like.

/*
This is a block comment.
"y

§fn = 100;]
sphere (10) ;

[ IV T TS e ¥ BT SV S R

I

cube ([15, 15, 15], center=true);

,,_.ﬁé‘.;__

ZK”

sPHRQaaAD OGO d ge ko

i

Console

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 7

Geometry cache size in bytes: 776096

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 2 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 57. 10 0.00 67.70], distance = 140.00 (694x510)

OpenSCAD 2019.05

Added a “cube”, which is really a general rectangular prism if you pass an array of x, y, and z
widths. | set all widths equal to 15 units, and included the optional flag “center=true” to center the

cube at the origin.

Intersecting shapes are automatically joined together. Same result as using “union”.

10
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Difference of intersecting objects

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor *®

@MW E Y Lad

1 // This is a comment

2

3@/

4 | This is a block comment.

5 |[It can be a long as you like.
€|/

g S$fn = 100;

g

10 Fdifference() {
11 |cube([15, 15, 151, center=true);
12 | sphere (10);

13 Ly

P RQAAOD OB B gle Lin

Console

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 7

Geometry cache size in bytes: 776096

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 2 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ -0.28 1.50 2.41], rotate = [ 58.50 0.00 34.80], distance = 91.85 (§34x510)

OpenSCAD 2019.05

The “difference” command subtracts the second element from the first. Useful for making holes.
Note that for Windows version, | had to go to “View” and un-check “Thrown together” to actually

show holes. Otherwise it was highlighting missing material in green.

11
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Color

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor *®

@MW E Y Lad

// This is a comment

S\

4 | This is a block comment.

5 |[It can be a long as you like.
6 | */

g $fn = 100;

10 Fleolor ("#004C97") {

11 difference () {

12 cube ([15, 15, 15], center=true);
13 sphere (10} ;

14 }

15 -3

£

S

e ga Ak D

P AQ_RAID & PP B

Console

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 7

Geometry cache size in bytes: 776096

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 2 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [-0.28 1.50 2.41], otate = [ 56.40 0.00 40.40 ], distance = 91.85 (534x510)

OpenSCAD 2019.05

The “color” command changes the color in the display for anything inside the curly braces.
Accepts lots of types of arguments: shown above is the hex code for FNAL blue, for example.
Can also set alpha value for transparency.

12
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Rotate

« Untitled.scad - OpenSCAD - m} X
File Edit Design View Help
Editor *®
—. — ==
] e W Oy SE S \,5@ ;;',_é
1 // This is a comment
2
3E/*
4 | This is a block comment.
5 |[It can be a long as you like.
6| */
75 =
8 %fn = 100;
9
10 Hrotate (a=45, w=[0,1,01)1{
11 |cube([30,1,20], center=trues);
1z |13}
13 -
14 H/* Eguivalent notation:
15
16 | rotate (a=[0,45,0]1)1{
17 | cube([30,1,20], center=trus);
18 |1}
19
20 L*/
S
r =
yPAQRQAD P OO d g Ao
Console x
Saved design 'Ct JUsers/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled scad'.
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..
Compiling design {C5G Products genera tion)...
Geometries in cache: 9
Geometry cache size in bytes: 777552
CGAL Polyhedrons in cache: O
CGAL cache size inbytes: 0
Compiling design (CSG Products normalization). ..
MNormalized C5G tree has 1 elements
Compile and preview finished,
Total rendering time: 0 hours, 0 minutes, 0 seconds
W
Viewport: translate = [ 1.98 2.81 2.14], rotate = [ 66.20 0.00 32.70 ], distance = 113.40 (§99x510) OpenSCAD 2019.05

* The “rotate” command rotates anything between its curly braces by an angle “a” in degrees
about a vector “v”

* Equivalent notation can combine angle and vector together.

2% Fermilab
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Rotate

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor

@MW E Y Lad

// This is a comment

/%
This is a block comment.
It can be a long as you like.

"y

$fn = 100;

Wom =l ool W ke

cube ([30,1,20], center=trues);
}

11

10 Ttranslate([10,20,30|]){
1z

T

i
P HRARID FOD OO FH &

Console

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 9

Geometry cache size in bytes: 777552

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 1 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ -1.47 -1.85 -0.52], rotate = [ 55.00 0.00 53.00], distance = 237.09 (594x510)

OpenSCAD 2019.05

The “translate” command translates anything between the curly braces along each axis (x,y,z) as

specified by the array argument.

In the above case, I've translated the “cube” by 10 units along the x-axis, 20 units along y, and

30 units along z.

14
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Troubleshooting

o Untitled.scad - OpenSCAD
File Edit Design View Help

Editor x
. =z 3= .8 (!
(] = W O S SE -.»-lfa iy

// This is a comment

U

10 Fdifference() {
11 cube([ZD,l,ﬂD], center=trues) ;
12 | eylinder (r=2, h=2);

13 Ly

L

P RQAAD GO Do o gle Lin

Console

1

2

3@/

4 | This is a block comment.

5 |[It can be a long as you like.

L /
g $fn = 100; R S 5

Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..

Compiling design {C5G Products genera tion)...

Geometries in cache: 12

Geometry cache size in bytes: 807354

CGAL Polyhedrons in cache: O

CGAL cache size inbytes: 0

Compiling design (CSG Products normalization). ..

MNormalized C5G tree has 2 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ 2.00 -0.44 -3.46 ], rotate = [ 80.90 0.00 29.20], distance = 126.00 (634x510)

OpenSCAD 2019.05

* Itried to punch a hole in this plate, but it didn’t turn out the way | want.

* Rather than deleting code to see what happened, | can use “!” to plot only that line

* Useful for complicated shapes with lots of lines

15 Adam Watts | Introduction to OpenSCAD
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Troubleshooting

o Untitled.scad - OpenSCAD - m} X

File Edit Design View Help

Editor x —a
0 =2 3= 4 |
@MW E Y Lad
1 // This is a comment
.
S|/
4 | This is a block comment. ]
5 |[It can be a long as you like.
6 |*/
8 $fn = 100; T e
7 TrEeeaaL
10 Fdifference() { maenT
11 | cube([20,1,30], center=true); - )
12 | teylinder (r=2, h=2); S
13 Ly s
T
H el
LL o]
e 5
Fomy o —
P UadQaQD @vdOed g® +.AhkD
Console x
Saved design 'C: /Users/aws tts/Documents/OpensCAD fopenscad-2019.05/Untitled .scad',
Loaded design 'C: /Users/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'
Compiling design (C5G Tee generation). ..
Compiling design {C5G Products genera tion)...
Geometries in cache: 12
Geometry cache size in bytes: 807354
CGAL Polyhedrons in cache: O
CGAL cache size inbytes: 0
Compiling design (CSG Products normalization). ..
MNormalized C5G tree has 1 elements
Compile and preview finished,
Total rendering time: 0 hours, 0 minutes, 0 seconds
W
Viewport: translate = [ 2,00 -0.44 -3.46 ], rotate = [80.90 0,00 29,20 ], distance = 126,00 (694x510) OpenSCAD 2019.05

* Itried to punch a hole in this plate, but it didn’t turn out the way | want.
* Rather than deleting code to see what happened, | can use “!” to plot only that line
* Useful for complicated shapes with lots of lines

3£ Fermilab
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Troubleshooting

o Untitled.scad - OpenSCAD

File Edit Design View Help
Editor *®

@MW E Y Lad

1 // This is a comment

&

S|/

4 | This is a block comment.

5 |[It can be a long as you like.

6 | */

g 5fn = 100;

9

10 Fdifference() {

11 | cube([20,1,30], center=true); 2
12 | #eylinder(r=2, h=2);
13 -) Iy

sQHQRQAD OB OO Fge ko

Console

Loaded design 'C: fUsers/awa tts/Documents/OpenSCAD openscad-2019.05/Untitled .scad'.
Compiling design (C5SG Tee generation). ..
Compiling design (C5G Products genera tion)...
Geometries in cache: 12

Geometry cache size in bytes: 807384

CGAL Folyhedrons in cache: 0

CGAL cache size in bytes: 0

Compiling design (€56 Products normalization). ..
Compiling highlights (1 CSG Trees)...

MNormalized C5G tree has 2 elements

Compile and preview finished,

Total rendering time: 0 hours, 0 minutes, 0 seconds

v

Viewport: translate = [ 2.00 -0.44 -3.46 ], rotate = [ 38.90 0.00 69.80 ], distance = 126.00 (634x510)

OpenSCAD 2019.05

| tried to punch a hole in this plate, but it didn’t turn out the way | want.
| can also use a “#” to highlight that line.
Looks like | forgot to rotate the cylinder to punch the hole in the plate

17
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Modules, arguments, and variables

' Untitled.scad - OpenSCAD - m} X
File Edit Design View Help
Editor X %
uwldon=ss @ ad
1 // This is a comment
2
3R/*
4 | This is a block comment.
5| It can be a long as you like.
6|+
1 FE ot
g %fn = 100; T
S‘ ! %
10 // Set some user variables :
11 plate_h = 30;
12 plate_w = 20; = =7
13 plate_t = 1;
14 hole d = 4; e
15 “;“.(‘/
16 // Define the module and its input arguments
17 Fmodule plate(plate_h, plate_w, plate_t, hole_d){
18 difference(){ b
19 cube ([plate_w,plate_t,plate _h], center=true); ol
20 rotate (a=[20,0,0]) { z o
21 cylinder (r=0.5*hole_d, h=l.l*plate_t, 3 \d
center=true); 8
22 } s
23 } :
2 a ) —
- ¥ Yy9HReAD OB BOO A F AT
26 // Call the module, passing it the user variableg Console x
27 plate(plate h, plate w, plate t, hole d); Saved design 'C:/Users/awa tte/Documents /OpenSCAD fopenscad-2013.05/Untitled.scad', A
- - - - Loaded design 'C: /Users/ana tts/Documents /OpenSCAD fopenscad-2019.05/Untited scad'.
Compiling design (C5G Tree generation)...
Compiling design (CSG Products generation)...
Geometries in cache: 19
Geometry cache siz in bytes: 881500
CGAL Polyhedrong in cache: 0
CGAL cache size in bytes: 0
Compiling design (CSG Products normalization)...
MNormalized CSG tree has 2 elements
Compile and preview finished,
Total rendering time: 0 hours, 0 minutes, 0 seconds
v
Viewport: translate = [ 8.76 -1.60 -1.97], motate = [ 75.30 0.00 32.70 ], distance = 126,00 (756x510) OpenSCAD 201805

Create a module that is defined as some combination of shapes, and that module can accept

variables as arguments.

Once module is defined, it can be called while passing either numbered arguments, or user

variables.

18
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Modules, arguments, and variables

& Untitled.scad - OpenSCAD

File Edit Design View Help
Editor

@ W O =E

// This is a comment

1
2
3R/*
4 [This is a block comment. " e
5| It can be a long as you like. =
6 */
g %fn = 100;
9
10 // Set some user variables
11 plate_h = 307
12 plate_w = 207
13 plate_t = 1;
14 hole d = 4;
16 // Define the module and its input arguments :
17 Fmodule plate(plate_h, plate_w, plate_t, hole_d){
18 difference(){ of 0
19 cube ([plate_w,plate_t,plate h], center=true); JT‘U
20 rotate (a=[90,0,01) 1 2 R
21 cylinder (r=0.5*hole_d, h=l.l*plate_t, L,
center=true); ® B
22 } :
23 } :
2 Py 7 —
- ¥ Yy9HReAD OB BOO A F AT
26 // Call the moduls, passing it the user variables Console x
27 // Also rotate the module and paint it grey Saved design 'C: Users/awa tts/Documents /OpenSCAD fopenscad-2013.05/Untitled scad' A
58 Loaded design 'C: /Users/ana tts/Documents /OpenSCAD fopenscad-2019.05/Untited scad'.
== Compiling design (C5G Tree generation)...
29 Hcolor ("grey") { Compiing design (CSG Products generation). ..
0 Geometries in cache: 19
3'_‘ rotate ([90,0,01) ¢ Geometry cache siz in bytes: 881500
31 plate(plate h, plate w, plate t, hole d); CGAL Polyhedrons in cache: 0
32 } CGAL cache size in bytes: 0
o Compiling design (CSG Products normalization)...
33 )| Normalized CSG tree has 2 elements
Compile and preview finished,
Total rendering time: 0 hours, 0 minutes, 0 seconds
v
Viewport: translate = [ 8.76 -1.60 -1.97], otate = [ 7250 0.00 46,70 ], distance = 126,00 (756x510) OpenSCAD 201805

19
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The same commands we've used before (rotate, translate, color) can be used on modules.

2% Fermilab



A module of modules: the bracket

< Untitled.scad - OpenSCAD

File Edit Design View Help
Editor

@ & MW ooz oE G iy

6 L*/
& $fn = 100;
9

10 // Set some ussr variables

11 plate h = 30;
12 plate w = 20;
13 plate_t = 1;

14 hole_d = 4;

=

(S

& // Define the plate module
7 Hmodule plate(plate_h, plate_w, plate_t, hole_d){
8 difference() {

26 // Now define the bracket module which uses two plates

27 Fmodule bracket () {

25E // First plate

29 translate ([0,0.5*plate_h,0]) {

30 plate(plate_h, plate w, plate_t, hole d);
31 ¥

32 //Second plate

33 ] translate([0,0,-0.5*(plate_h-plate_t)]) {

34% rotate ([90,0,01){

35 plate(plate_h, plate w, plate t, hole d):
36 }

37 b }

38 )

39 L

40 // Now place a bracket and color it grey

41

color ("grey™) {
bracket () ;
1

I
W r

19 cube ([plate_w,plate_t,plate_h], center=true);

20 rotate (a=[%0,0,0])1{

21 cylinder (r=0.5*hole d, h=l.l*plate t, center=true);
22 }

23 }

24 |}

=,
i
R
»
Zz

1=l

Q ;

Y@ ReQaaAD G P g ® ko

Consele

x

Saved design 'C:/Users/ana tts/Documents /OpenSCAD fopenscad-2019,05/Untitled .scad',
Loaded design 'C: Users fawa tts/Documents /OpenSCAD fopenscad-2019. 05/Untitled. scad'.
Compiling design (CSG Tree generation)...

Compiling design (C5G Products generation)...

Geometries in cache: 19

Geometry cache size in bytes: 51600

CGAL Folyhedrons in cache: 0

CGAL cache size in bytes: 0

Compiling design (€3G Products normalization)...

Normalized CSG tree has 4 elements

Compile and preview finished.

Total rendering time: 0 hours, 0 minutes, 0 seconds

]

Viewport: translate = [ 10.68 -2.11-7.57], rotate = [69.00 0.00 34.80], distance = 155.56 (963x535)

OpenSCAD 2019.05

* We can create a new module out of a combination of other modules.

* The module “bracket” is made up of two “plate” modules

* Now when we place the bracket by calling its module name, we can apply the same previous
commands to it, like translate, rotate, and color.

20 Adam Watts | Introduction to OpenSCAD
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Putting it all together, with a loop: the gear

« Untitled scad - OpenSCAD - O X

File Edit Design View Help

Editor X
@ w MW s oE oo

1 Sfn = 100;

3 // Make a Igear

4

S BFmodule gear (radius, n_teeth, tooth_depth, tooth packing factor){

6 gear_thickness = 0.25%radius;

-

tooth_length = (2*PI*radius*tooth packing_factor)/n_teeth;

difference () { =..
rotate ([%0,0,0]1)1{
cylinder (r=radius, h=gear thickness, center=true):

W Wk oW

}

£ for (i=[1l:n_teeth]){
theta = (360/n_teeth)*(1};
translate ([radius*cos (theta),0,radius*sin(theta)]){
rotate ([0, 90-theta,0]) {
cube ([tooth_length, l.l*gear thickness, Z*tooth depthl], center=trus):;
}

T L
} L

// Place a gear, but drill a hole through it, and paint it green

color ("green") { £ -] X —

. 41 froronco () { »PaAeqaD @0 eO0d g& L+ AD
gear(10,10,1,0.5); Console *

rotate ([90,0,0]1){ Saved design 'C:/Users/awatts/Documents/OpenSCAD fopenscad-2019,05/Untitled . scad',
cylinder (r=2, h=4, center=trus); Loaded design 'C:/Users/awa tts/Documents/OpenSCAD/openscad-2019.05/Untitled scad',
} Compiling design (CSG Tree generation)...
Compiling design (CSG Products generation)...
} Geometries in cache: 36
33 Ly Geometry cache size in bytes: 939354
o CEAL Polyhedrons in cache: 0
CGAL cache size in bytes: 0
Compiling design (CSG Products normalization). ..
Normalized CSG tree has 12 elements
Compile and preview finished.
Total rendering time: 0 hours, 0 minutes, 0 seconds

[SSIN GRS T I ORI S I
Moo Wb C
T

v

Viewport: translate = [ 3.52 -5.850.31], rotate = [ 80.90 0.00 32.00], distance = 74.40 (684x536) OpenSCAD 2013.05

* We can write “for” loops to automate placing several copies of the same shape, like the teeth
cutouts around the gear’s circumference.

* Once a module is created, we can still use the “difference” command on it.

2% Fermilab
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